A sequential injection system for the spectrophotometric determination of reducing sugars in wines is described. The methodology is based on the formation of a coloured complex produced by the reaction of copper (I) with 2,9-dimethyl-1,10-phenanthroline (neocuproine), after reduction of copper (II) to copper (I) by reducing sugars. In the present SI system, a dialysis unit was incorporated not only to allow the sample dilution, but also to minimise the interference of some coloured compounds. In this way, direct sample introduction into the system was possible, without any previous treatment of the wine samples. The proposed method can be applied to the determination of reducing sugars in two concentration ranges: from 2 to 25 g l − 1 (table wines) and from 20 to 140 g l − 1 (Port wines). To perform determinations in these two ranges, the manifold configuration remained the same; just a few operational parameters were changed in the controlling software. A sampling-rate of 14 -18 samples per hour was obtained with good repeatability for ten consecutive injections of wine samples (relative standard deviations (RSD) B2.1%). The results obtained from 19 wine samples were comparable to those obtained by the reference method.
Introduction
The determination of reducing sugars is frequently performed in the wine industry. It is an important parameter to control during wine production to follow the fermentation process. Reducing sugars determination in wines is also made for routine quality control and for checking if the wine meets the legal or commercial reducing sugars content required for a certain wine type [1] .
As the reference method [2] for this determination is a time consuming redox titration, efforts have been made for implementing automatic methods to carry out this analysis, namely by resorting to equipment based on segmented flow analysis and HPLC [1] or flow injection analysis [3] [4] [5] [6] .
Although flow injection systems represent an attractive alternative for automating this determination, the manifolds previously proposed have some drawbacks. In the systems described by Valcarcel et al. [3] , the wine coloured compounds had to be removed from the sample before measurement by filtration with charcoal. Maquieira et al. [4] managed to solve this problem by using a dialysis unit, which separated the analyte from the wine matrix. Nevertheless, this system was not suitable for wines with a high sugar content, demanding sample dilution prior to its introduction into the system. This difficulty was overcome by Rangel et al. [5] ; by using different sample injection volumes, it was possible to carry out determinations between 1 and 200 g l . However, this implied a manifold change, according to the concentration range aimed. Precisely this type of difficulty can be overcome by using the recently described sequential injection (SI) technique. In fact, the main advantages pointed to SI when compared to FIA are the possibility of performing different analysis without system reconfiguration [7, 8] and the considerable reagents saving, since a continuous consumption is not involved in SI systems [9, 10] . In its simplest configuration, SI analysis consists in the sequential aspiration of a well defined sample and reagent zones into a holding coil by means of a multi-position valve. The flow is then reversed and the stacked zones are mixed and directed to the detector.
In the present work, the main objective was to devise an automatic system for determining reducing sugars in wines using the sequential injection analysis technique. It was also aimed to obtain a wide concentration working range, making the system suitable for performing determinations in Port and table wines. The sample introduction into the system without prior handling was another concern during the system development.
For accomplishing these objectives, the SIA methodology chosen was based on the Cu(II)-neocuproine reaction, the formed coloured compound being measured at 460 nm [11] . To obtain a system with a variable dilution capacity, the joint effect of using different sample volumes and a dialysis unit was used. The use of dialysis unit in SI systems was firstly suggested in 1993 [12] . It has been successfully used by van Staden [13] , allowing the determination of iron (III) in pharmaceutical samples, which are usually turbid and contain undissolved organic particles. Araújo et al. [14] also used a dialysis unit to provide in-line dilution and interference minimisation of the sample matrix to perform the L( +)-lactate spectrophotometric determination in wines using a SIA system. In the work here presented, a dialysis unit is used not only to dilute the wine sample, but also to prevent some coloured compounds from reaching the detection system, especially in the case of red wines. In this way, the direct sample introduction into the system is possible, without any previous treatment required for colour elimination.
Experimental

Reagents and solutions
All chemicals used were of analytical-reagent grade with no further purification, and deionized water with a specific conductance less than 0.1 mS cm − 1 was used throughout. In order to minimise bubble formation inside the flow system, the solutions used in the sequential injection manifold were prepared with previously boiled water.
To prepare the colour reagent, a 1 ml volume of ethanol containing 0.0150 g of neocuproine (2,9-dimethyl-1,10-phenanthroline) was added to an aqueous solution containing 0.0075 g of copper(II) sulphate pentahydrate and the mixture was diluted to 25 ml with deionized water.
The carrier solution was sodium hydroxide 0.075 mol l − 1 , prepared daily by an appropriate dilution from a 1 mol l − 1 stock solution. The NaOH stock solution was prepared weekly by dissolving 10 g of sodium hydroxide pellets in 250 ml of deionized water.
The reducing sugar standards consisted of a mixture of fructose (60%) and glucose (40%). In the determination of Port wines, each standards was prepared by weighing the stated sugars, followed by dissolution in a 20% v/v ethanol solution. In the determination of table wines, the stock solution was prepared from 1.875 g of fruc-tose and 1.250 g of glucose dissolved in a potassium hydrogen phthalate -hydrochloric acid buffer (pH 3.4). The standards were obtained by appropriate dilution of the stock solution in the buffer, and ethanol was also added to achieve a 10% v/v concentration.
The potassium hydrogen phthalate -hydrochloric acid buffer was prepared by adding 50 ml of a 20.42 g l − 1 potassium hydrogen phthalate solution to 10 ml of 0.100 mol l − 1 hydrochloric acid solution and making the volume up to 100 ml.
A 0.8 mol l − 1 sulphuric acid solution was used as washing solution.
Apparatus
The schematic representation of the sequential injection system for reducing sugars determination in wines is depicted in Fig. 1 .
The solutions were propelled by a Gilson Minipuls 3 peristaltic pump with a PVC pumping tube. This tube was connected to the central channel of an eight port electrically actuated selection valve (Valco VICI C15-3118E).
A Unicam 8625 UV-visible spectrophotometer equipped with a Helma 178.711QS flow-through cell (internal volume 30 ml) was used as detection system and the wavelength was set at 460 nm. The analytical signals were recorded in a Kipp and Zonen BD 111 strip chart recorder.
The dialysis unit [5] consisted of two perspex blocks that were pressed against each other by four screws. The dialysis membrane, obtained from Visking tubing (Medicell International Ltd.), was placed between the two blocks, separating two matching cavities (2 mm wide, 0.5 mm deep and 37 mm long), drilled in each block. The membrane was replaced weekly; it was soaked in carrier solution for 2 h before using.
All tubing connecting the different components of the SI system were made of Omnifit PTFE with 0.8 mm (i.d.).
To improve the sensitivity, the reaction coil was placed inside an I.S.Co GTR190 thermostatic bath.
A 386 personal computer (Samsung SD700) equipped with an Advantec PCL818L interface card, running a homemade software written in QuickBasic 4.5, controlled the selection valve position and both the pump rotation sense and speed.
Procedure
The protocol of flow and timing sequence required for the determination of reducing sugars in wines is listed in Table 1 ; different conditions were used for table or Port wines.
The analytical cycle can be divided in three parts: the sample treatment, the colorimetric measurement and the system washing. The sample treatment started with the sample (or standard) aspiration into the holding coil (HC). Then, the flow was reversed and the sample was propelled to the donor channel of the dialysis unit towards the waste, occurring the reducing sugar passage across the membrane. Next, the content of the HC was flushed with carrier to the waste in order to eliminate any sample remain.
To accomplish the colorimetric measurement, the colour reagent and the dialysed analyte were sequentially aspirated into the HC. The flow was again reversed and the HC content was transferred to the reaction coil (RC), placed in a thermostatic bath. After the HC washing and a certain residence time, the reaction product formed in the RC was aspirated into the HC. Then, the flow was reversed and the reaction product was dispensed to the spectrophotometer.
After the colorimetric measurement, the wine and reducing sugar remains must be removed Fig. 1 . SIA manifold for the determination of reducing sugars in wines. SV, selection valve; P, peristaltic pump; HC, holding coil (l= 100 cm); D, detection system (l connection = 60 cm); DU, dialysis unit system (l connections = 20 cm); RC, reaction coil (l =70 cm); TB, thermostatic bath; C, carrier; S, sample or standard; CR, colour reagent; A, acid solution; W, waste. from the dialysis unit and the RC must be flushed to remove the reaction product remain and filled with carrier. The system washing began by dispensing carrier through the dialysis donor channel and by aspirating carrier to the HC through the dialysis acceptor channel. After that, a small volume of acid was aspirated to the HC; by flow reversal, its content was dispensed through the RC, eliminating the remains from the dialysis acceptor channel and washing the RC at the same time.
Reference method
In order to assess the quality of the results obtained in the reducing sugar determination by sequential injection, they were compared with those obtained by a reference method [2] . The wines were previously treated either with lead acetate and calcium carbonate (red wines) or with potassium hexacyanoferrate(II) and zinc sulphate (white wines) and filtered. A cupric-alkaline solution was added to the filtrate, and refluxed for 10 min. After cooling, an excess of potassium iodide was added and the solution titrated with sodium thiosulphate, using starch for indicating the titration end-point.
Results and discussion
De6elopment of the SI system for the determination in Port wines
Sodium hydroxide was used as carrier solution. As the colour reaction took place under alkaline conditions, the use of this solution as carrier avoided an operation step to introduce the hydroxide in the mixture between dialysed sample and colour reagent. The sodium hydroxide concentration was varied between 0.050 and 0.100 mol l − 1 . Its value was set to 0.075 mol l − 1 as its influence in the calibration curve was not noticed. The manifold parameters were selected to allow the direct injection of wine samples with no previous treatment. A previous study [5] indicated that calibration plots established with pure fructose standards presented a sensitivity 2.5 times larger than those with pure glucose. The sugar standards were composed of a mixture of fructose (60%) and glucose (40%) as it is the usual relative sugar percentage found in wine [6] . Additionally, the alcohol content also influenced the peak height. In this way, sugar standards were prepared with an ethanol concentration of 20% by volume, except for table wine determinations. For these wines, the ethanol content is lower, so the concentration in the sugar standards was 10% by volume.
Using the manifold depicted in Fig. 1 , optimisation procedures were carried out by studying the influence of some parameters on the calibration curve or on the analytical signal, maintaining the others to a pre-set value.
The sample volume chosen was 120 ml. This was a compromise between two factors: repeatability and membrane fouling. Lower volumes decreased repeatability and higher values increased the time required for rinsing the membrane.
Previous FIA studies [4, 5] indicated that the reduction of sugars requires drastic conditions for sufficiently fast development; therefore a thermostatic bath at a suitable temperature was incorporated in the manifold. In the first approach, the holding coil was immersed in the bath; in this way, the mixture of dialysed reducing sugar and colour reagent was heated after sequential aspiration; by inverting the flow, the reaction product was propelled to the detector. However, bubble formation was inevitable. Therefore, the HC was removed from the bath and an open reaction coil was connected to the selection valve and partially immersed in the thermostatic bath. This configuration allowed any bubble formed to be expelled during step f and n (Table 1) , when the carrier was propelled through the reaction coil. Moreover, the reaction coil content was withdrawn during reaction product aspiration (Table 1 , step i), remaining empty during part of the analytical cycle. These two features avoided bubble formation and also prevented those occasionally formed from reaching the detection system.
The chosen temperature was 80°C, which provided enough sensitivity. Higher temperatures were not used because the signals obtained were too high for the concentration range aimed.
The reagent volume was varied between 60 and 120 ml and established to 90 ml. Volumes lower than 90 ml originated poor sensitivity and lowered the repeatability; higher volumes increased the blank signal.
Since this type of wines presented high sugar contents, it would be necessary to have a low efficiency in the dialysis process. In order to achieve this, the sample passage through the donor channel was as fast as possible. The flow rate chosen was 3.3 ml min − 1 and the passage time was 12.5 s, ensuring that the sample plug passed over the dialysis membrane.
To establish the volume aspirated from the dialysis acceptor channel, the volume of carrier solution present in the connection between the selection valve and this channel was considered. So, the volume and the flow rate were chosen in order to ensure the total recovery from the acceptor carrier placed under the membrane. In this way, the volume chosen is 150 ml and the chosen aspiration flow rate was 1.2 ml min
With the dialysed and reagent volumes establishment, the reaction coil length was studied. The total length could be divided in three different zones: 18 cm connecting the selection valve and the immersed reaction coil zone, 45 cm immersed in the thermostatic bath and 7 cm outside it, directed to the waste. Preliminary studies indicated that a longer immersed part increased bubble formation, as the residence time is longer. In this way, the length was adjusted to ensure that all the holding coil zone containing the reducing sugar dialysed plus the colour reagent passed in the immersed reaction coil part, but keeping it as short as possible at the same time. Lengths between 20 and 60 cm for the immersed part were tried, being 45 cm the chosen length.
The reaction coil length conditioned the aspirated reaction product volume. So, volume aspirated was optimised in order to have the highest signal without air introduction into the holding coil. The volume was 257 ml; for higher volumes, the sensitivity was increased, but bubble introduction occurred sometimes.
After aspiration to the holding coil, the reaction product was propelled to the detector. Both flow rate and connection length between the selection valve and the flow cell were studied. The chosen flow rate was 2.2 ml min − 1
. For higher flow rates, the signal repeatability was decreased; for lower flow rates, the time required to finish this step was increased and the sensitivity was reduced. The connection length was also studied, being varied between 40 and 100 cm. The length chosen was 60 cm, for the same reasons stated for the chosen flow rate.
After signal registration, the dialysis channels must be washed. The time required for each step was kept as low as possible and the chosen flow rate was as high as possible. During preliminary studies, it was observed that when the temperature used was higher or the sodium hydroxide concentration in the carrier was raised, a black precipitate was formed in the reaction coil and stuck to the wall. This affects the determination repeatability and sensitivity. To remove this precipitate, the holding coil was rinsed with an acid solution.
Adaptation of the SI system for the determination in table wines
Sequential injection systems, when compared to flow injection systems, show more flexibility, due to the possibility of changing analytical parameters without manifold reconfiguration. Taking advantage of this fact, the previously described system was adapted to perform the determination in wines with low reducing sugars content (2 -25 g l − 1 ). The first step was to increase the sample volume and, consequently, the volume that passed in the dialysis donor channel was also increased. Knowing that slow flow rates for the donor stream results in longer dialysis time as well as increases dialysis efficiency [13] , a lower flow rate was also used in this step. However, these modifications were not enough to accomplish the determination in the expected concentration range.
The reducing sugars determination on the range aimed was achieved by increasing the residence time of the colour reagent and reducing sugars dialysed mixture in the reaction coil. This was possible by adding a stop period between step g and i, during which the peristaltic pump is turned off. Moreover, the flow rate and the operation time in step i were changed, being the first lowered and the second increased.
Nevertheless, when wine samples were analysed, the results obtained had a positive deviation when compared with those obtained by the reference method. This could be due to an influence of pH in the reducing sugars passage through the membrane. To solve this problem, the pH of the sugar standards was adjusted to 3.4 (value usually found in table wines [1] ), using the buffer solution hydrochloric acid-potassium hydrogen phthalate.
Application to wine analysis
The proposed SI system allowed the determination of reducing sugars in wines in two different concentration ranges, depending on the parameters introduced in the controlling software. Two second order calibration curves were established for table wines and Port wine concentration ranges. The standards concentration varied between 2 and 25 g l − 1 and between 20 and 140 g l − 1 , respectively. The SI system was applied to the determination of reducing sugars in ten Port wines and nine table wines, including the Portuguese Vinhos Verdes. The results (C s ) were compared with those furnished by the reference method (C r ); they are presented in the Table 2 . A recorder output corresponding to the injection of a set of standards and three table wine samples is presented in Fig. 2 .
For comparison purposes, a linear relationship (C s = C 0 + SC r ) was established. The equation parameters, as well as the 95% confidence limits, are presented in Table 3 .
From these figures it is clear that the estimated slope and intercept do not differ significantly from the values 1 and 0, respectively. Thus, there is no evidence for systematic differences between the two set of results [15] obtained by SIA and the reference method, even when the two concentration ranges used are considered separately. The precision of the SIA methods was estimated by calculating the relative standard deviation from ten consecutive injections of four wine samples with different reducing sugars concentrations. Relative standard deviations were lower than 1.7% for Port wines and lower than 2.1% for table wines.
The detection limit was calculated as the concentration corresponding to the blank signal plus three times the standard deviation of ten consecutive blank injections. The blank signal was obtained by injecting solutions with the same composition as the standards, except for the reducing sugars. For table wines, the calculated detection limit was 1.2 g l − 1
; for Port wines, the calculated detection limit was 11.2 g l − 1 . The sample frequency was different for each concentration range. The time required for a complete analytical cycle is not merely the summation of the time required for each step performance. The time required for the proper port selection in the selection valve must also be accounted. Considering this, the time required to complete an analytical cycle was 192 s for Port wines and 246 s for table wines. The sample frequency was 18 and 14 determinations per hour, respectively.
Conclusion
In the present work, a SIA system to perform reducing sugars determination in wines in a wide concentration range was developed. This was achieved using the same manifold configuration, just by changing a few operational parameters in the controlling software. This feature confirms the versatility attributed to SI when compared to FI systems.
The use of dialysis unit was effective in achieving the large dilution required for determinations in Port wines. Additionally, it minimised the wine colour interference, avoiding sample treatment with decolourisation agents. Therefore, the sample could be directly introduced into the system. (7) a The number of consecutive determinations are indicated in parentheses. Fig. 2 . Sequential injection register for a set of standards (2.0, 7.5, 15 and 25 g l − 1 ) and table wine samples. Table 3 Parameters of the equation C s = C 0 +SC r for comparing the results (g l These features point out the potential applicability of the developed methodology as a screening technique, namely for monitoring fermentation processes.
